Introduction {#j_jvetres-2017-0024_s_001}
============

The worldwide dog population has been estimated to be more than 500 million ([@j_jvetres-2017-0024_ref_029], [@j_jvetres-2017-0024_ref_020]). Although dogs bring many advantages to human life, including being guides for blind people, therapeutic agents, security guards, and hunters, they are associated with many potentially zoonotic organisms of parasitic origin ([@j_jvetres-2017-0024_ref_006]). Gastrointestinal parasites are among the main enteropathogens and the major cause of mortality in dogs. *Echinococcus granulosus*, *Toxocara canis, Cryptosporidium* spp., and *Dipylidium caninum* are common parasites of dogs which can also affect humans ([@j_jvetres-2017-0024_ref_006], [@j_jvetres-2017-0024_ref_008]). There are two major transmission modes for dog gastrointestinal parasites, namely indirect and direct. The former includes consumption of foods and water contaminated with dogs' secretions and excretions, particularly parasite eggs, cysts, and oocysts, shed through animal faeces into the environment. The latter includes direct contact with dogs since the majority of intestinal parasites have a faecal-oral transmission cycle. Free-roaming (*i.e*., stray) dogs often exist in urban and rural areas, and their behavioural characteristics such as unrestricted movement within a human environment can easily result in the contamination of the environment ([@j_jvetres-2017-0024_ref_015], [@j_jvetres-2017-0024_ref_003]). In fact, various parasitic forms such as eggs, larvae, cysts, and oocysts excreted through dog faeces can remain infective in the environment over a long time, depending on different conditions. They comprise a risk factor for animal and human infection, among whom pregnant women, children, and immunocompromised people are at higher risk of these infections and their consequences ([@j_jvetres-2017-0024_ref_037], [@j_jvetres-2017-0024_ref_042]). Therefore, understanding the epidemiology of the parasites in the canine population is required to reduce the risk of human infection ([@j_jvetres-2017-0024_ref_017]). Several studies on the prevalence of gastrointestinal parasites in stray dogs from different areas of the world have been conducted ([@j_jvetres-2017-0024_ref_035], [@j_jvetres-2017-0024_ref_040], [@j_jvetres-2017-0024_ref_028], [@j_jvetres-2017-0024_ref_041]), including a number in Iran ([@j_jvetres-2017-0024_ref_007]). However, there are no published data about the epidemiology of parasites existing in canine faeces in Zanjan Province, so the present research was designed to determine the prevalence of gastrointestinal parasites in dog faeces in the region. The study placed emphasis on zoonotic parasites with potential risk of transmission to the province's human population.

Material and Methods {#j_jvetres-2017-0024_s_002}
====================

Study area {#j_jvetres-2017-0024_s_002_s_001}
----------

The province of Zanjan is situated in the northwest of Iran at latitude 36°40′24″ N and longitude 48°28′43″ E. It is divided into eight cities and has an area of 22,164 km2 occupying 1.34% of Iran's total territory ([Fig. 1-A](#j_jvetres-2017-0024_fig_001){ref-type="fig"}). The population of the province is 1,015,734. The majority of the population (62.5%) lives in urban areas and the rest in rural areas. Zanjan is one of the coldest provinces of Iran, with an average minimum temperature of --19°C that drops to --27°C during the coldest winter days ([Fig. 1-A](#j_jvetres-2017-0024_fig_001){ref-type="fig"}) ([@j_jvetres-2017-0024_ref_023]).

![Geographic location. A -- location of Zanjan province in Iran. B -- map of Zanjan province and its cities, where dog faecal samples were collected](jvetres-61-189-g001){#j_jvetres-2017-0024_fig_001}

Sample collection {#j_jvetres-2017-0024_s_002_s_002}
-----------------

The study was conducted between June and November 2015. A total of 450 samples of fresh dog faeces were collected from streets in urban locations as well as from farms in rural areas of different parts of the province ([Fig. 1-B](#j_jvetres-2017-0024_fig_001){ref-type="fig"}). The faecal samples were collected in wide-mouth zip-top plastic faecal containers, which were properly labelled. The collected samples were transported to the Research Laboratory of the Department of Parasitology and Mycology, on the day of collection and underwent microscopic examinations. All samples were examined with the naked eye for adult helminths and proglottids of cestodes before concentration.

Parasitological procedures {#j_jvetres-2017-0024_s_002_s_003}
--------------------------

Each faecal sample was suspended in 10% formalin and processed by the formalin-ethyl acetate sedimentation concentration method. The pellets were microscopically examined at 100× and 400× magnification. Identification of parasites was made by their morphological characteristics ([@j_jvetres-2017-0024_ref_043]). In addition, the samples were screened for coccidian oocysts such as *Cryptosporidium* spp. by means of modified Ziehl-Neelsen staining ([@j_jvetres-2017-0024_ref_014]). A thin smear was made of the pellet obtained from the sedimentation concentration method and stained by the modified Ziehl-Neelsen method. The smears were consequently examined at 400× and 1000× magnification for the detection of *Cryptosporidium* spp. and other coccidian oocysts. Samples containing at least one form of either helminthic or protozoan parasite were considered as positive.

Statistical analyses {#j_jvetres-2017-0024_s_002_s_004}
--------------------

Statistical analysis was performed by SPSS 16.0 (IBM, USA). The prevalence of each parasite was calculated as the number of positive samples divided by the total samples.

Results {#j_jvetres-2017-0024_s_003}
=======

The gastrointestinal parasite eggs, oocysts, and cysts found in the faecal samples are shown in [Table 1](#j_jvetres-2017-0024_tab_001){ref-type="table"}. A total of 86 (19.1%) samples out of 450 examined contained at least one gastrointestinal parasite. They consisted of thirteen genera of gastrointestinal parasites ([Figs 2](#j_jvetres-2017-0024_fig_002){ref-type="fig"} and [3](#j_jvetres-2017-0024_fig_003){ref-type="fig"}), with helminth infections more prevalent than protozoan parasites. *Sarcocystis* spp. were the most common observed protozoan parasite with 7.3% frequency. *Cystoisospora* spp. were second and found in seven dogs (1.6%). *Giardia* spp. were detected in six dogs (1.3%), and *Eimeria* spp. were found in three (0.7%). *Taenia/Echinococcus* spp. were the most frequently detected gastrointestinal helminth parasites with 5.6% frequency, and *Toxocara* spp. followed. *Spirocerca lupi* was detected in six dogs (1.3%) and *Toxascaris leonina* was found in four (0.9%). Based on modified Ziehl-Neelsen staining, *Cryptosporidium spp*. were identified in two (0.4%) faecal samples. The lowest prevalence was shown by *Acanthocephalans* and *Trichuris vulpis* (0.2% each). Of the 450 faecal samples, 72 (16%) were infected with a single parasite species, and 14 (3.1%) samples had multiple infections, including 13 (2.9%) with 2 and 1 (0.2%) with 3 species of gastrointestinal parasite ([Table 2](#j_jvetres-2017-0024_tab_002){ref-type="table"}).

###### 

Prevalence of the gastrointestinal parasites in Zanjan Province

  Parasite species             Number of parasite species in infected dogs   Prevalence (%)
  ---------------------------- --------------------------------------------- ----------------
  *Sarcocystis* spp.           33                                            7.3%
  *Taenia/Echinococcus* spp.   25                                            5.6%
  *Toxocara* spp.              8                                             1.8%
  *Cystoisospora* spp.         7                                             1.6%
  *Giardia* spp.               6                                             1.3%
  *Spirocerca lupi*            6                                             1.3%
  *Toxascaris leonina*         4                                             0.9%
  *Dicrocoelium dendriticum*   3                                             0.7%
  *Eimeria* spp.               3                                             0.7%
  *Cryptosporidium* spp.       2                                             0.4%
  *Physaloptera* spp.          2                                             0.4%
  *Trichuris vulpis*           1                                             0.2%
  *Acanthocephalans*           1                                             0.2%

###### 

Single and multiple infections of dogs with gastrointestinal parasites in Zanjan Province

                                                                              Parasite species
  --------------------------------------------------------------------------- ------------------
  Single infections                                                           
  *Sarcocystis* spp.                                                          24
  *Taenia spp./Echinococcus* spp.                                             20
  *Toxocara* spp.                                                             6
  *Cystoisospora* spp.                                                        4
  Single *Giardia* spp.                                                       4
  *Spirocerca lupi*                                                           3
  infections *Toxascaris leonina*                                             2
  *Dicrocoelium dendriticum*                                                  2
  *Eimeria* spp.                                                              3
  *Cryptosporidium* spp.                                                      2
  *Physaloptera* spp.                                                         0
  *Trichuris vulpis*                                                          1
  *Acanthocephalans*                                                          1
  *Cystoisospora* spp.+ *Giardia* spp.                                        2
  Multiple infections                                                         
  *Toxocara* spp.+ *Physaloptera* spp.                                        1
  *Sarcocystis* spp.+ *Spirocerca lupi*                                       3
  *Sarcocystis* spp.+ *Toxascaris leonina*                                    2
  *Sarcocystis* spp.+ *Cystoisospora* spp.                                    1
  *Sarcocystis* spp.+ *Taenia./Echinococcus* spp.                             3
  *Taenia/Echinococcus* spp.+ *Physaloptera* spp.                             1
  *Taenia./Echinococcus* spp.+ *Dicrocoelium dendriticum* + *Toxocara* spp.   1

![Helminthic parasites found in dogs' faeces from Zanjan. A -- *Dicrocoelium dendriticum*, B -- *Trichuris vulpis* , C -- *Physaloptera* spp., D --*Spirocerca lupi* , E *-- Toxocara* spp., F -- *Taenia/Echinococcus* spp., G -- *Toxascaris leonina*, H -- *Acanthocephalan*](jvetres-61-189-g002){#j_jvetres-2017-0024_fig_002}

![Protozoan parasites found in dogs' faeces from Zanjan. A -- *Cystoisospora* spp., B *-- Sarcocystis* spp., C *-- Cryptosporidium* spp., D *-- Giardia* spp., *E -- Eimeria* spp.](jvetres-61-189-g003){#j_jvetres-2017-0024_fig_003}

Discussion {#j_jvetres-2017-0024_s_004}
==========

This study showed a relatively high prevalence of gastrointestinal parasitic infections (19.1%) in dogs in Zanjan Province. More than twelve parasite species were found based on the detection of protozoan cysts or oocysts and helminthic eggs in collected faecal samples, including several zoonotic species. The most prevalent infection belonged to *Sarcocystis* spp., followed by *Taenia* spp./*Echinococcus* spp. with infection rates of 7.3% and 5.6% respectively. The prevalence rates for other parasites ranged between 0.2% and 1.6% of the examined samples.

Canine gastrointestinal parasites are of great concern to public health, due to the potential risk of transmission of zoonotic species to humans in both rural and urban areas. Parasite transmission to humans primarily takes place through contact with the faeces of infected animals. The parasitic elements (eggs, larvae, cysts, and oocysts) excreted with the faeces of dogs as befoulment can survive for a long time, depending on the environmental conditions ([@j_jvetres-2017-0024_ref_038]). In many countries, there are unrestrained populations of stray dogs, where overcrowding, a low level of hygiene, and lack of awareness increase the risk of zoonotic parasite transmission ([@j_jvetres-2017-0024_ref_037]). The results of the present study showed a high prevalence (7.3%) of *Sarcocystis* species compared to other studies ([Table 3](#j_jvetres-2017-0024_tab_003){ref-type="table"}). Sarcocystosis is a protozoan infection with worldwide distribution in many animal species. It is a two-host parasite, generally with a herbivore as the intermediate host and a carnivore as the definitive host. There are more than 200 species of the genus *Sarcocystis*; however, complete life cycles are known for only 26 species ([@j_jvetres-2017-0024_ref_010]). Dogs are the definitive hosts for some species such as *S. cruzi* (*S. bovicanis*), *S. miescheriana* (*S. suicanis*), and *S. tenella* (*S. ovicanis*) ([@j_jvetres-2017-0024_ref_013]). Not all species of the genus *Sarcocystis* cause disease in their host species, but the species using canids as definitive hosts are more pathogenic than the others ([@j_jvetres-2017-0024_ref_025]). The species that infect herbivores such as cattle and sheep have economic importance because they cause illness and may lead to weight loss or death of animals. Dogs harbour some zoonotic helminths, several examples of which are in the *Taenidae* family. The eggs of *Taenia /Echinococcus* spp. were found in 5.6% of the examined samples in the study area, which is a relatively higher percentage than that of other studies in some countries. It was 1.0% in Czech Republic ([@j_jvetres-2017-0024_ref_011]), 1.7% in Denmark ([@j_jvetres-2017-0024_ref_002]), and 0.34% in Portugal ([@j_jvetres-2017-0024_ref_028]) and Iran ([@j_jvetres-2017-0024_ref_005]). Although concentration methods are capable of detecting taeniid eggs, distinguishing these zoonotic parasites needs either bioassay or molecular techniques such as PCR. Echinococcosis, one of the most important zoonotic infections, is caused by *Echinococcus* spp. belonging to the *Taenidae* family. Echinococcosis is endemic in various parts of Iran ([@j_jvetres-2017-0024_ref_039]).

###### 

Prevalence of gastrointestinal parasites in dogs from Zanjan Province compiled with prevalence data from other studies

  --------------------------------------------------------------------------------------------
  Parasite species               Present study Number (%)   Other studies              
  ------------------------------ -------------------------- -------------------------- -------
  *Sarcocystis* spp.             33 (7.3%)                  2.5%, Spain\               (27)\
                                                            2.7%, Brazil               (21)

                                                                                       

  *Taenia / Echinococcus* spp.   25 (5.6%)                  1.0%, Czech Republic\      (11)\
                                                            1.7%, Denmark\             (2)\
                                                            0.34%, Portugal            (28)

                                                                                       

  *Toxocara* spp.                8 (1.8%)                   21.9 %, Slovak Republic\   (40)\
                                                            27.8%, Turkey              (18)

                                                                                       

  *Cystoisospora* spp.           7 (1.6%)                   7.5%, Italy\               (36)\
                                                            0.21%, Milan, Italy        (44)

                                                                                       

  *Giardia* spp.                 6 (1.3 %)                  4.3%, Greece\              (33)\
                                                            1.6 %, Slovak Republic     (40)

                                                                                       

  *Spirocerca lupi*              6 (1.3 %)                  0.2%, Venezuela\           (35)\
                                                            1.9%, Sao Paolo, Brazil    (32)

                                                                                       

  *Toxascaris leonina*           4 (0.9 %)                  1.7%, Italy\               (36)\
                                                            0.6%, Denmark              (2)

                                                                                       

  *Dicrocoelium dendriticum*     3 (0.7 %)                  14%, Iran                  \(5\)

                                                                                       

  *Eimeria* spp.                 3 (0.7 %)                  19%, Iran\                 (5)\
                                                            8.7%, Hungary              (16)

                                                                                       

  *Cryptosporidium* spp.         2 (0.4 %)                  2.8%, Greece\              (33)\
                                                            3.04%, Portugal            (28)

                                                                                       

  *Physaloptera* sp.             2 (0.4 %)                  1%, Cuba\                  (34)\
                                                            3%, Iran                   (5)

                                                                                       

  *Trichuris vulpis*             1 (0.2 %)                  3.67%, Milan, Italy\       (44)\
                                                            6%, Iran                   (5)

                                                                                       

  *Acanthocephalans*             1 (0.2 %)                  4.82%, Iran                \(7\)
  --------------------------------------------------------------------------------------------

The prevalence rate of cystic echinococcosis has previously been reported in human population ([@j_jvetres-2017-0024_ref_022]) and livestock ([@j_jvetres-2017-0024_ref_012]). However, canids as the definitive hosts of the parasite have not been surveyed, and the present study is the first one conducted on dog faeces. There are many rural areas in Zanjan Province, and livestock is important to rural residents. Almost all cattle owners and most rural inhabitants keep at least one dog to protect their possessions from wild predators and thieves. The free and unrestrained movement of dogs and excretion of their faeces everywhere spread parasitic agents (*Echinococcus* eggs) in the environment. Our previous study showed that 75.7% of patients were from rural areas ([@j_jvetres-2017-0024_ref_022]), where life cycle components (*i.e*. sheep, cattle, dogs, *etc*.) are all present ([@j_jvetres-2017-0024_ref_022], [@j_jvetres-2017-0024_ref_009]). Cystic echinococcosis annually gives rise to major monetary losses in developing countries. In Iran, approximately 1% of admissions to surgical wards are related to the disease ([@j_jvetres-2017-0024_ref_039]). According to our previous and present studies it is obvious that humans are at a high risk of cystic echinococcosis especially in rural areas of this province.

In the present study, the roundworms *Toxocara* spp. and *Toxascaris leonina* were found in 1.8% and 0.9% of canine faeces samples respectively. Dogs as the definitive host are an important source for human toxocarosis. Ingestion of the embryonated eggs of the parasite by humans can cause serious diseases, such as visceral larva migrans. Our study showed low prevalence of *Toxocara* spp. (1.9%) compared to other studies ([Table 3](#j_jvetres-2017-0024_tab_003){ref-type="table"}). According to the study of Abdi *et al*. ([@j_jvetres-2017-0024_ref_001]), the overall prevalence of toxocarosis in Iran was reported to be 21.6 %. However, a study that investigated the seroprevalence of toxocarosis in children referred to the hospitals of Zanjan Province ([@j_jvetres-2017-0024_ref_030]) showed a 2% prevalence rate, which is the lowest prevalence of all areas investigated in Iran. *Toxocara* spp. eggs are senstive to low temperature. Okoshi *et al*. ([@j_jvetres-2017-0024_ref_031]) showed that *Toxocara* spp. eggs died after five day exposure to --15°C. Zanjan is a cold region in Iran and this could be one of the reasons for the low prevalence of *Toxocara* infection in this region. The oocysts of *Cystoisospora* spp. were observed in 1.6% of the dogs' samples. *Cystoisospora* spp. is strictly host specific; however, to reduce the risk of acquiring the infection, treatment should include all susceptible dogs ([@j_jvetres-2017-0024_ref_026]). *Giardia* spp. cysts were observed in 1.6% of dogs' samples. Differing from this, some studies conducted in Argentina ([@j_jvetres-2017-0024_ref_024]), Canada ([@j_jvetres-2017-0024_ref_019]), and Germany ([@j_jvetres-2017-0024_ref_004]) showed high prevalence rates. Since *Giardia* cysts are excreted intermittently, sensitive methods such as antigen detection could help to find the actual infection with *Giardia* spp. The prevalence of other parasites such as *Dicrocoelium dendriticum, Eimeria* spp., *Cryptosporidium* spp., *Physaloptera* spp., *Spirocerca lupi*, *Acanthocephalans*, and *Trichuris vulpis* was lower than the prevalence rates reported in other studies.

In conclusion, a relatively high prevalence of gastrointestinal parasitic infections, including 13 different helminths and parotozoon species, was found in faecal samples collected from dogs in Zanjan Province. Several zoonotic species, with *Taenia* spp. particularly attention-worthy among them due to its high prevalence rate, were among the detected parasites which pose a potential risk of human infection and are of high public health relevance.
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